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FIG. 1. (Color online) Schematic of experimental setup, includ-
ing laser system and mass spectrometer. The Ti:sapphire lasers are
pumped by a frequency-doubled Nd:YAG laser. A setup for resonant
excitation involving frequency-tripled (THG) and fundamental laser
radiation is shown. Another setup employing frequency doubling for
both Ti:sapphire lasers was also used.

be used, to ensure mode-hop-free laser scans over the whole
spectral range with the drawback of slightly lowering the
output power. The latter was used to perform extended spectral
scans, which were necessary for the identification of Rydberg
series. To access the blue and ultraviolet spectral region,
second and third harmonics of the laser frequency are attained
by single-pass generation through nonlinear optically active
crystals (beta barium borate, BBO) using variable angle-tuned
phase matching. As schematically shown in the experimental
setup in Fig. 1, the individual laser beams were overlapped
and focused for direct irradiation of the sample atoms within
the graphite furnace of the mass spectrometer. Therein an
efficient atomization of actinium was achieved by resistively
heating the furnace to temperatures of about 1600 ◦C. Since
every atom is exposed to many successive laser pulses before
leaving the cavity, RIS within the hot furnace ensures high
excitation and ionization efficiencies. By properly tuning the
lasers, the Ac atoms were excited stepwise into even-parity
Rydberg states lying below as well as above the first-ionization
potential. Highly excited atoms in Rydberg states below the
first-ionization potential were ionized by blackbody radiation,
additional laser photons or collisions inside the hot cavity,
while atoms in Rydberg states above the first-ionization
potential basically undergo autoionization via the coupling to
the underlying continuum channel. The generated ions were
guided toward the exit hole of the cavity by the heating
potential and extracted by moderate electrostatic fields of
below 100 V/cm. After collimation and beam shaping by ion
optics, an electrostatic quadrupole deflector (QD) separated the
ion beam from all kinds of neutral particles emitted from the
hot cavity which otherwise would cause a background signal.
Subsequent mass separation in a radiofrequency quadrupole
mass filter (QMF) operating at 1.2 MHz [22] provided an
isotopic abundance sensitivity exceeding 10−5 in the mass
range of the actinides and secured the suppression of thermal
surface ions of other elements emitted from the furnace.
Finally, the mass-selected ions were detected in a channel
electron multiplier operating in single-ion counting mode.

III. RESULTS AND DISCUSSION

To observe and identify suitable Rydberg series altogether
twelve atomic levels with odd parity in the energy range
from 21 195 cm−1 to 33 674 cm−1, taken from the literature
[23,24], were tested as first-excited states (FES) and led to
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FIG. 2. (Color online) Excitation schemes used for the resonant
ionization of Ac via Rydberg states; for precise wavelengths, see text.
The energetic positions of the atomic levels as well as the assignment
of their configurations are taken from the literature [23,24] and are
given with an error of typically less than 0.01 Å.

the identification of three strong and thus useful transitions
for resonant ionization. In all cases saturation powers of
below 20 mW were measured in the experimental geometry
with the laser parameters discussed above and were easily
reached with the available laser power. From each of these
three FESs, Rydberg series in Ac could be measured for
the first time by applying long-range scans of the frequency
by the grating-assisted Ti:sapphire laser. Figure 2 shows the
corresponding two-step excitation schemes together with the
convergence limits of the individual Rydberg series.

For observation of the first Rydberg series converging to the
ground state of the Ac ion, the atoms were transferred from
the atomic ground state with the configuration 6d 7s2 2D3/2
to a 6d2 7p J = 3/2 (odd-parity) state at 31 800.35 cm−1 by
resonant third-harmonic laser radiation of 314.462 nm. From
this state about 40 members of the bound Rydberg series
were excited in the range of 858 to 889 nm by fundamental
radiation of the grating-assisted Ti:sapphire laser. Figure 3(a)
shows the measured ion signal of this scan as a function of
the total excitation energy. Altogether 37 Rydberg resonances
were identified and indicated by their most probable principal
quantum number n. As no conclusive assignment of the
series can be derived, these values of n were determined
by minimizing the quantum defect. A possible variation of
adding an integer will neither affect the fitting process nor the
result of the IP being the convergence limit of the series. In
the range of resonances with low principal quantum numbers
n = 20 to n = 30, a significant splitting of peaks into indi-
vidual resonances is observed. This corresponds to a splitting
into different electron-core configurations because there are
no observable interferences between these resonances. The
collected data, however, are not sufficient for any conclusive
analysis.

The Rydberg series to the first-excited state of the ion at
4739.63 cm−1 above the IP having a 6d 7s 3D1 configuration
was excited from the 6d 7s 7p 4P

o
5/2 state at 23 898.86 cm−1

by tuning the frequency-doubled laser radiation between
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Investigated Hyperfine structure 
48356.1 cm-1

 388.67 nm

J = 1/2    25 729.03 cm-1

441.95 nm 

46347.0 cm-1

J=5/2     22 801.1 cm-1

438.58 nm

424.7 nm 

J=7/2     24 969.30 cm-1

J=5/2              2231.43 cm-1               6d7s2

439.79 nm

J= 3/2    26 066.08 cm-1

436.04 nm

383.64 nm
419.56 nm

A
B

C
E

D

atomic ground state:  0 cm-1, 6d7s2 J0=3/2 

 48999.62 cm-1

442.79 nm
425.36 nm

 47553.2 cm-1

 48478.9 cm-1



Transition A: 
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Transition B

– 10 scans used. 
– Suitable for in gas cell spectroscopy (LISOL).
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In gas laser ionization and 
 spectroscopy at Leuven
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Conclusions

1) Laser spectroscopy of 227Ac has been 

performed.  

2) Reference to study other Ac isotopes at LISOL. 

3) New laser laboratory at KU Leuven to develop in 

gas-jet laser spectroscopy. 
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